Previous studies from this laboratory have dealt with the protein, calcium, phosphorus, vitamin D , manganese, zinc, riboflavin, niacin and choline requirements of pheasants (Scott, et al., '54, '58a, '59) . The phosphorus requirements of young Bobwhite quail also have been reported (Scott, et al., '58b) .
Although many studies have been made on the effects of various levels of salt in rations for chickens, little has been reported on the sodium and chlorine requirements of this species, and nothing on either salt, sodium or chlorine requirements of young pheasants and quail. Since iodine is usually supplied to practical rations in the form of iodized salt, it was considered desirable to determine not only the sodium and chlorine requirements, but also to determine whether or not the amount of iodized salt needed to supply these requirements would also suptJly sufficient iodine for normal growth and thyroid development in young pheasants and quail. The results of these experiments are presented in this report.
EXPERIMENTAL
All experiments were conducted at the Ithaca Game Farm of the New York State Conservation Department. Both the pheasants and quail were housed in wire pens with raised wire floors. Each pen was equipped with a thermostatically-controlled electric hover. The basic diet 'used in all experiments is presented in table 1. According to the A.O.A.C. ('55) method for total chlorides, the diet contained 0 .048 % of chlorine. Sodium was determined by flame spectrophotometry and was found Received for publication January 27, 1960. The first experiment was conducted to compare the effects of graded levels of sodium chloride, ranging from 0.25 to 2.0% in the diet of young pheasants to 4 weeks of age. Sodium bicarbonate at 0 .36% ( sodium equivalent to that in 0.25% sodium chloride) and 0.32% of potassium chloride ( chloride equivalent to that in 0.25% sodium chloride) were also fed singly and in combinatio:n. The experimental plan and results of experiment 1 are presented in table 2. Exceedingly poor growth was observed in the pheasants receiving the basal diet without any supple-. mental salt. The results further showed ~hat the basal diet was severely deficient m sodium and somewhat deficient in chlorine. Since the lowest level of salt ( 0.25 %) added to the basal diet produced approximately maximum growth, it is not Possible from this experiment to determine the exact sodium chloride requirement of pheasants receiving this diet.
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Experiment 2. The second experiment was conducted to determine more precisely the salt requirement, and also to attempt to determine both the sodium and the chlorine requirements. Sodium chloride was fed in graded levels from 0 .1 to 0 .25% . In an effort to determine the sodium requirement, several lots were fed graded levels of sodium bicarbonate in the presence of 0.32% of potassium chloride. Studies on the chlorine requirement\ were conducted by feeding graded levels of 1 potassium chloride in the presence of 0.36% of sodium bicarbonate. The experimental outline and results of experiment 2 are presented in table 3.
These results show that when the diet contained sufficient chlorine, the sodium requirement was met by the addition of approximately 0 .06% of sodium to this diet. Since the basal diet contained 0.025% sodium, the total sodium requirement of pheasant chicks, under the conditions of this experiment, was approximately 0.085% of the diet. The sodium requirement was met either by the addition of 0.15% of sodium chloride or by the addition of 0 .216% of sodium bicarbonate with adequate chlorine supplied in the form of potassium chloride.
When sodium bicarbonate was the only supplement to the diet, pheasant weights were reduced due to a lack of chlorine. The addition of the lowest level of KCl ( 0.128 %) appeared to furnish sufficient chlorine, thereby indicating that the chlorine requirement is no higher than that 
Results of first experiment on sodiotm and chlorine requirements of pheasants

Trea tment
Basal diet (no salt) Basal diet + 0.25% salt (NaCl) Basal diet + 0 .50% salt Basal diet+ 1.00 % salt Basal diet+ 2.00% salt Basal diet+ 0 .36% sodium bicarbonate (Na + equivalent to that in 0 .25% salt) Basal diet+ 0.32% potassium chloride ( Cl-equivalent to that in 0.25% salt) Basal diet + 0 .36 % NaHC0 3 + 0 .32 % KCl gm 87 (85-88) 1 193(178-208) 204(198-209) 208(203-213) 206(199-213) 176 ( obtained when 0.066% of supplementary chlorine was added to this diet. The basal diet contained approximately 0.048% of chlorine. Therefore, the total chlorine requirement of pheasant chicks under these conditions was more than 0 .048% but no more than 0.11%. More than 0 .11% of chlorine was supplied when the diet was supplemented with 0.15% of sodium chloride, which was the amount needed to meet the sodium requirement. Thus, this level of salt satisfied both the sodium and the chlorine requirements of pheasant chicks receiving this basal diet.
Experiment on salt toxicity. An experiment was conducted to determine the amount of salt which is toxic to pheasants, and also to determine the effects of high levels of salt upon the moisture content of the droppings in pheasants.
The experimental plan and results of this experiment are presented in table 4. These results show that only when the salt content of the diet reached 7.5% was growth markedly depressed and mortality increased. The moisture content of the droppings increased appreciably as the salt content of the diet increased.
Iodine. One experiment was conducted with pheasants to determine the iodine requirement. For this experiment the basal diet presented in table 1 was modified by the omission of the calcium iodate and the addition of 0 .25% of NaCI.
Since iodized salt contains 0.007% of iodine and is usually added to poultry rations at a level of 0 .25% of the diet, this amount of salt would supply approximately 0.18 mg of iodine per kg of diet ( 0.18 ppm). In view of this, the experiment on iodine requirements of pheasants was designed so that one lot of pheasants received 0 .18 mg of iodine per kg of diet ; other lots received levels of iodine above and below this level. The results of the experiment, (table 5) show that iodine supplementation of the basal diet had no effect upon growth of pheasant chicks to 4 weeks of age. On the other hand, the average thyroid weights of the pheasants receiving the basal diet were significantly larger than those of the pheasants receiving iodine supplementation. Among the iodine-supplemented groups, including and above that receiving 0.09 mg of added iodine per kg of diet, the thyroid weight bore no significant relationship to the level of iodine added. Microscopic examination of the thyroids showed practically normal follicle development in all of the pheasants. Measurements of epithelial heights of the thyroids ( table 5) showed no consistent relationship between epithelial heights and level of iodine supplement ation. Since the basal diet contained 0 .20 mg of iodine per kg of diet, it appears that the total iodine r:q.uirement of pheasants under the conditions of this experiment was not greater than approximately 0 .30 mg of iodine per kg of diet.
Quail Sodium and chlorine. Experiment 1.
The sodium and chlorine requirements of quail were determined by the same procedures used to determine the requiretnents for pheasants. The experimental Plan and results of the first experiment are presented in table 6 . These results were very similar to those obtained with the pheasants. The omission of salt or the inclusion of only sodium bicarbonate or only potassium chloride alone resulted in decreased growth of the quail, indicating that the basal diet was deficient in both sodium and chlorine for quail. Furthermore, it appeared that the level of 0.25% of added salt was sufficient to produce near maximum growth in quail receiving this diet.
Experiment 2. The second experiment was conducted to determine more precisely the salt requirements of quail, and also to attempt to deterine both the sodium and chlorine requirements. The experimental outline and results of this experiment are presented in table 7. While the results with 0.1% of sodium chloride indicated this level to be sufficient for maximum growth, the results obtained when increasing levels of sodium bicarbonate were added to the diet in the presence of 0.32% KCl, indicated that the amount of added sodium needed was approximately 0 .06% which is the amount of sodium supplied by 0.15% of sodium chloride. Thus the sodium and the salt requirements of quail appear to parallel very closely those of the pheasants, the total sodium requirement being approximately 0.085% of the diet.
The slight reduction in growth obtained when sodium bicarbonate alone was added to the diet indicated that this diet was slightly deficient in chlorine for quail. The addition of 0 .128% of potassium chloride, which supplied 0 .066% of chlorine, was sufficient to produce maximum growth, indicating, therefore, that the level of 0.15 % of sodium chloride also would supply sufficient chlorine for quail receiving this diet, and that the chlorine require-AND REYNOLDS ment of quail is no higher than 0.11 % of the diet.
An experiment on salt toxicity in quail. An experiment was conducted to determine the amount of salt which is toxic to quail. The experimental plan and results of the experiment are shown in table 8. These observations also are similar to those obtained with the pheasants and indicate that young quail can tolerate levels of salt up to and including 5% before showing signs of toxicity. A definite decrease in growth and an increase in mortality was caused by 7.5% of salt. Although fecal moisture determinations were not made, it was noted that the droppings showed an increasingly moist consistency as the level of salt was increased.
Iodine requirements of quail. One experiment was conducted on the iodine requirement of quail. The experimental plan and weights of the quail receiving the various iodine levels are shown in table 9. It is apparent from these results that the omission of iodine from the basal diet h ad The sodium , chlorine and total salt requirements of quail Treatment Basal diet + 0.10 % NaCl Basal diet + 0 .15 % NaCl Basal diet + 0.20% NaCl Basal diet+ 0 .25 % NaCl Basal diet + 0.32 % KCl Basal diet+ 0.32 % KCl + 0 .144 % NaHCOa (0.04 % Na) Basal diet + 0 .32 % KCl + 0 .216% NaHCOa (0.06 % Na ) Basal diet+ 0 .32% KCl + 0.288 % NaHCOa (0.08 % Na) Basal diet+ 0 .32 % KCl + 0 .36 % NaHC03 ( 0.1 % Na ) Basal diet+ 0.36 % NaHCOs Basal diet+ 0 .36% NaHC03 + 0 .128 % KCl 10 effect on quail growth. These results 1lso are similar to those obtained with pheasants. Based upon thyroid weights ' table 9) , it appears that the first level of added iodine produced normal thyroid glands. Therefore, according to these experiments, the iodine requirement of quail also appears to be no greater than 0.3 ppm , which is that supplied by the lowest level of iodine supplementation.
DISCUSSION
Mitchell and Carman ( '26) reported that chicks fed a cereal ration containing no added salt showed retarded growth with decreased efficiency of feed utilization. They concluded that the retarded growth was due to a deficiency of sodium rather than of chlorine. These results have been confirmed by Prentice ('33) and Burns et al. ('53) . Burns and associates found that the minimum amount of sodium required by chicks was between 0.1 and 0.3% whereas the minimum amount of chlorine required was less than 0.06%. Neither the requirement for sodium nor that for chlorine has been established with any degree of precision.
With the improved methods of flame spectrophotometry it has been possible to determine accurately the sodium content of the basal ration used in the present studies. Therefore, it appears that the sodium requirement of pheasants and quail of 0 .085 % is precise under the conditions of these experiments.
Under various conditions in previous experimental work, evidence has been obtamed from time to time indicating an interrelationship between sodium requirements and potassium levels in the diet. It should be noted, therefore, that the sodium requirements observed here were determined using a practical diet naturally high in potassium. However, one should also note that the sodium requirement obtained upon supplementing the diet with potassium chloride and sodium bicarbonate was approximately the same as that obtained by supplementing the diet with sodium chloride. Thus, the increased potassium level in the presence of potassium chloride did not appear to change the sodium requirement.
The iodine requirement of chicks, according to Patton et al. ('39) , Wilgus et al. ('41) and Gassner and Wilgus ('40) was originally estimated to be approximately 1 mg of iodine per kg of diet, for optimum growth and prevention of goiter. These workers observed congenital goiter in baby chicks hatched from hens receiving 0.025 mg of iodine per kg of breeder ration. On the other hand, Godfrey et al. ('53) found the iodine requirement of chicks to be between 0 .03 and 0 .15 mg per kg of diet. Later, Creek et al. ('54) reported that 0.05 mg of iodine per kg of diet or less failed to support normal growth, while 0.075 mg per kg of diet was sufficient for normal growth . Somewhat higher amounts, however, were considered to be required for completely normal thyroid histology, since slight abnormalities were noted when the level was below 0.3 mg of iodine per kg of diet.
It is possible that some of the discrepant results obtained by these various workers are due to variations in precision of the various methods of iodine analysis. On the other hand, they may be due to variations in stability and/or availability of the iodine in the iodine supplements used. Griem et al. ( '42) showed that tests of a number of samples of iodized salts (presumably containing potassium iodide) showed losses of iodine up to 76%. Calcium iodate 1 was used in the present studies because it is one of the most stable iodine compounds.• SUMMARY Studies have been presented which indicate that, under practical conditions, the sodium requirement of both pheasants and quail is approximately 0 .085%; the chlorine requirement is between 0.048 and 0 .11% ; and the iodine requirement is no more than 0.3 ppm of diet.
The results of these studies indicate that the sodium and chlorine requirements of both pheasants and quail are satisfied by the addition to a practical ration of 0.15% of sodium chloride. If iodized salt is used, containing 0.007% of iodine, this level of 0 .15% of salt also appears to satisfy the iodine requirement of both pheasants and quail.
